I. Introduction
Tuberculosis (TB) continues to be a major worldwide health problem and is the leading killer of youth and adults in developing countries, being responsible for more deaths than any other single infectious organism [1] . 5-15% of the people infected with M. tuberculosis (estimated 2-3 billion) will develop TB disease during their lifetime [1] . Bacillus Calmette-Guerin (BCG), an attenuated strain of Mycobacterium bovis is the only vaccine currently available against TB. This is the world"s most widely used vaccine and being directed against the world"s leading cause of infectious disease mortality, BCG is the most controversial vaccine in current use [2] . The efficacy of BCG vaccine in the prevention of tuberculosis has shown considerable variation in different populations and trials [3] . Results from those trials showed 0-80% of protection and particularly those from South India have shown no protection. The on-going research on new TB vaccines may take several years as it involves earlier safety testing and efficacy field trials. This review article discusses about the earlier historical attempts to the recent advancements in TB vaccines with special reference to modern recombinant vaccines.
II. Earlier History behind BCG
In 1896, Leon Charles Albert Calmette (1863 -1933), a French physician was appointed as the director of the Pasteur Institute of Lille, France, and the main public problem which he had to contend with was tuberculosis. Meantime, Jean Marie Camille Guerin (1872 -1961), a French veterinary surgeon was appointed to assist Calmette in 1897 and both have decided to proceed with research on tuberculosis vaccine [4] . In 1902, Edmond Nocard (1850 -1903), a French veterinarian and microbiologist isolated a virulent M. bovis strain from a cow with tuberculous mastitis. This bovine strain, "Lait Nocard," was sent to Pasteur Institute, Lille for further investigations by Calmette and Guerin. Laboratory Standardization has showed that it has Less virulence in human beings but Capable to induce the immune system. Later, Calmette and Guerin finalised to design a live vaccine from this "Lait nocard". They observed that addition of ox bile to the medium leads to the lowering of the virulence of the organism and this observation led them to take their long-term attempt to prepare a vaccine from live attenuated bacilli. They started their subculture work with a virulent bovine strain of tubercle bacillus in 1908. They cultured the bacilli on bile, glycerin and potato medium and then preceded to subculture at three weeks intervals. By 1919 after about 230 subcultures carried out for 11 years they succeeded to get attenuated live bacillus (later referred as BCG) which failed to produce progressive disease in animals [4] .
The first human administration of BCG was carried-out on 18th July 1921 by Benjamin Weill Halle (1875-1958), through oral route. By 1924, they administrated oral BCG to 664 infants. After these reports of successful BCG vaccination, cultures of BCG were delivered for propagation in laboratories all over the world. The original M. bovis BCG vaccine strain was developed into several different sub strains which have been used for production of BCG vaccine. Between 1924 and 1926, 34 countries received BCG cultures from Pasteur institute (TABLE -1) and later, many other countries were also reported to have received BCG cultures from Paris [5] . 
III. Lubeck Disaster
In 1930, a BCG campaign was scheduled in Lubeck, a northern town of Germany to vaccinate about 250 infants. BCG was supplied from Pasteur Institute, Paris and unfortunately, 73 infants were died of tuberculosis. This tragic disaster was followed by investigations which revealed the contamination of the vaccine by virulent tubercle bacilli [4] . However, this incidence shattered the confidence on BCG and lead to several field trials on the vaccine and its efficacy.
IV. Clinical trials and case-control studies
In the mid-1930s the safety and efficacy of BCG vaccines were epidemiologically assessed by properly conducted trials. Vaccine efficacy is expressed as the per cent reduction in risk of disease in vaccinated individuals when compared to comparable non-vaccinated individuals [6] . A list of controlled trials that were begun in 1930s and the well-known trials are shown in TABLE -2. Despite the nature of results of randomized controlled trials including Chingleput trial, BCG vaccination continues to be recommended by WHO as a part of immunization programme for infants in the majority of the countries. So, the epidemiologists and researchers decided to assess the efficacy of the vaccine retrospectively by estimating the effect of TB rates on who had BCG at birth or at campaigns. A list of ten wellknown case control studies is shown in TABLE -3. 
V. Variation in protection by BCG -Hypotheses
Several different hypotheses were proposed for the failure of BCG vaccine to protect against TB in the field trials [2] , [6] , [27] and are reviewed below.
Previous exposure with atypical mycobacteria
This hypothesis is oldest and still one of the most popular explanation for the failure of protective efficacy offered by the BCG vaccination. The previous sensitization and infection with environmental atypical mycobacteria provide some protection against M. tuberculosis and then the effect of later BCG is partially masked. Numerous species of mycobacteria are found in soil and water and many of human beings are sensitized to these bacteria and this hypothesis would appear to be plausible. The fact that atypical mycobacteria (NTM) were isolated from 8.6% of sputum specimens collected from the study area of Chingleput BCG trial lends support to this theory [28] .
Animal studies have provided additional evidence that sensitization with environmental mycobacteria may have a direct antagonistic effect on BCG vaccination. Mice pre-sensitized with M. avium or with cocktails of M. avium, M. vaccae and M. scrofulaceum developed antimycobacterial responses that control the multiplication of BCG, thereby reducing its protective efficacy against TB [29] . Sensitization with M. avium or M. fortuitum before vaccination with BCG also showed a modulatory effect on the protective efficacy of BCG against experimental TB in guinea pigs [30] . These results strongly suggest that prior exposure to live environmental mycobacteria primes the host immune system against mycobacterial antigens shared with BCG and that recall of this immune response on vaccination results in accelerated clearance of BCG and hence decreased protection against TB.
Differences between BCGs
The differences in the potency, immunogenecity and dose of individual vaccine strains are also considered as the most important hypotheses for the failure of BCG vaccine. Similar vaccines showed very different efficacies in the Chingleput and British trials against tuberculosis. In Chingleput BCG trial two different vaccines of BCG the French and Danish, with a high dose (0.1mg/0.1ml) and a low dose (0.01 mg/0.1 ml) were used and showed similar protection against tuberculosis [31] [32] .
Differences in natural history of infection and disease
According to this hypothesis, the variation in efficacy could be related to differences in risk of infection, differences in M. tuberculosis or to differences in pathogenesis of disease. Studies in guinea pigs have shown that the protection imparted by BCG vaccines may differ according to the exposure of strain of M. Tuberculosis [33] .
Variations in host genetics or nutrition
This hypothesis depends upon gender difference and other genetic differences that are believed to play a role in the differential protection offered by BCG [27] . There is no direct evidence that the variation in the protection imparted by BCG is related to genetic factors in human populations. However large scale studies at molecular level may provide vital information.
Differences in nutritional status
As nutritional status affects the functioning of the cellular immune system, it might be expected that poor nutritional status would adversely affect the protective efficacy of BCG vaccination [27] . To support this hypothesis, large scale epidemiological studies are needed.
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Methodological differences in the trials
The mathematical and statistical differences between sample size, field methods and other sampling differences were also considered for the variable results in the protection offered by the BCG [27] .
VI. Problem addressed
Approximately 100 million children receive BCG annually throughout the world today [34] . Most of the countries follow the Universal Immunisation Programme which recommends only a single dose of BCG given at birth or at earliest contact with a health service. These BCG vaccines consistently give good protection against childhood manifestations of TB when administered before sensitization with environmental mycobacteria [35] . However, as the activity of the neonatal vaccination wanes after 10-12 years [36] , the incidence of pulmonary TB increases in adolescence [37] . The mechanism underlying the gradual loss of effectiveness of BCG (neonatally vaccinated) as the individual reaches 10 to 15 years of age is poorly understood. Moreover these adolescent/young adult population are highly sensitized due to the combination of BCG vaccine, environmental mycobacteria and in some cases with latent TB infection. Unvaccinated subjects also develop natural immunity with time, through the exposure with environmental mycobacteria.
If BCG vaccination given at birth can give only short-lived immunity, the options are either to replace BCG with a vaccine that gives a longer duration of protection or to design a vaccine that can be given at a later time point to boost existing immunity and provide protection in adults who are sensitized with environmental mycobacteria and/or might have latent TB infection [38] .
Several reviews have addressed the need for newer TB vaccines [39, 40, 41, 42, 43, 44, 45, 46, 47] . Yet another significant add-on problem is the different strains that involved in TB infection. Molecular epidemiological studies are needed in parallel to understand the different strains involved in TB infection and the immune response against multiple strains in M. tuberculosis. Different vaccine development strategies were started and are; Genetically modified-BCG vaccines, Attenuated strains of M. tuberculosis, Non-mycobacterial live vaccines, Attenuated mycobacterial species, Subunit and DNA vaccines [48] . The recent advances in the development of new vaccines against tuberculosis have entered into clinical trials.
VII. New TB vaccines in Clinical Trials
The research communities work on tuberculosis agree that new vaccines are important to future TB elimination programs. There are 13 vaccine candidates for tuberculosis that are being in clinical trials [1] . Five vaccines are in Phase I and Eight in Phase II / III trials. They include candidates for the prevention of tuberculosis infection and candidates for prevention of TB disease in people with Latent Tuberculosis Infection.
Vaccines in Phase I trials MVA85A MVA85A (Aerosol) was developed at the University of Oxford which is an aerosolized vaccine. The safety and immunogenicity of this vaccine has been tested in United Kingdom among 24 BCG vaccinated adults during Phase I trial. It appears to be a safe and produces a stronger CD4+ T-cell response.
Ad5 Ag85A
Ad5 Ag85A was developed by McMaster University with support from CanSino. This is an adenovirus serotype 5 vector expressing the Ag85A. The efficacy has been evaluated in 24 healthy human volunteers in Canada. It was found to be immunogenic and safe. 
DAR-901
The DAR-901 was developed by Dartmouth and Aeras which is a booster vaccine with heat inactivated , wholecell non-tuberculous mycobacteria. Earlier trials shown to be effective in Phase I conducted at United States of America among BCG-primed adults with and without HIV infection.
ID93 + GLA-SE
The ID93 + GLA-SE vaccine was developed by the Infectious Disease Research Institute in collaboration with Aeras. It comprises of three M. tuberculosis immune-dominant antigens namely Rv2608, Rv3619 and Rv3620 along with one M. tuberculosis latency-associated antigen Rv1813. It also contains the adjuvant GLA-SE. A Phase I trial in BCG-vaccinated, QuantiFERONTB-Gold negative and positive healthy adults has been completed in South Africa and found to have an acceptable safety.
Vaccae™
The Vaccae™ vaccine is a lysate vaccine developed by Anhui Zhifei Longcom Biologic Pharmacy Co Ltd, China. Phase III trial is under process in collaboration with the Guangxi Center for Disease Control and Prevention in China, to assess its efficacy and safety in people with LTBI.
VIII. Conclusion
The slow decline in global TB incidence and the continual threat of Multi Drug Resistant Tuberculosis highlight the vital need for new TB vaccines that are more effective than the Bacille-Calmette-Guérin (BCG). H. M. Dockrell [49] has already reviewed the major challenges for the research communities work on TB vaccine development. They are Global TB epidemic statistics along with Multi Drug resistance and HIV coinfection, The type of vaccine that we do need, How to identify the most promising vaccine candidates, Lack of Biosignatures that will predict the efficacy and Loss of confidence following MVA85A vaccine.
The effectiveness of these new vaccine candidates to prevent TB will be revealed over the next decade. The 4th Global Forum on TB Vaccines, organized at Shanghai, China, during April 2015, has brought together the diverse community involved in tuberculosis vaccine development have proposed the future directions for this critical research and clinical trials [50] . The current available technologies of vaccine production using molecular recombinant technology tool is well established today and this leads to the development of promising vaccine candidates. However, the potential benefits of newer TB vaccines need to be reviewed in the light of the epidemiology for their promising efficacy.
